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A secondary lithium electrochemical charge storage device 
I J?** 38 a batter y 00) is taught. The battery (10) includes a 
first composite electrode (20). and electrolyte layer (40) and 
I a second composite electrode (30). The composite electrodes 

hSSnr'L^ ™ ? ctive J mat . erial . a Polymer or polymer 
wend for lending ionic conductivity and mechanical strength. The 
| electrolyte may also include a polymer as well as an electrolyte 
active material. The polymer from which the composite electrode 
is fabricated may be the same as or different than the polymer 
from which the electrolyte layer is fabricated 
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5 CELLS ' CELLS USING SAME 

Technical tu 

This iuventk - rplate* in 
electrochemical ceH : and 1" '° Secondaj 7 liftium 

composite electrodes ^"'^^ * "*"«» >"s having 

1 0 6 

Background of the Invention 

been studied in , ensively durj ™ £W - the positive electrode have 

1 5 ma f ial — « - these batterie/JL v ,t^ r *e "*ode 

°>ade, or manganese oxide. I i,„ „„ ■ ' y 3 '" hiated coba " °*ide, 

nickel 

batteries occurred more than ., decad ' T °' KChar ^ »™ 
US. P a ,e„ t Nos . • ; ^ad go , and are sho,™ in, ,„ Kmpb , 

Secondary Iithi um batfo . T '° G °«ienough, etal. 
2 0 substantial advantages ^ ^ T* .J"*"- ^troivtes offer 

- currently Knowrfm Z^ ™ "T^ ^ U<iUid as 
safety, long-cycle life, ni gh en _ f"''" 8 Aese ^vantages are enhanced 
secondary lithium baHe * es .. denr V- and flexibility. Most of all, 

be 'manufactured with ease. ,„ c f -ta eleC ' r °' yte h ° ,dS P~ to 
25 mdus ^canbeusedoraC. - IT P roce ^s i„ the polymer 
batteries. One of the key i v - ,1 oductio " « second, , ithiurn 

batteries is the preparation , ' ™ ^""^ «*»■» "ymer 
mechanical strength and hign JZ£ ^ ■>«<* r -s good 
conducuvity and electee cond, t ""^ ' " ««* 
electronic, is essen,' , r ,, ij>h " ' ity, both ionic and 

mecha.-i.-~i stron-r : . o e lithium battery. Good 

Composite , des „■ : . ' "* e Processing, 

typically contain „ ctrode ' ' a ' nd "'J • ™ polymer batteries 
electrolyte prowdmg jnech '= mass and poiymer 

5 Polymer electrolyte used in tho m • Jamc com *<*Wr. The 
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heretofore been fabricated of, for example, poly (ethylene oxide) or 
po!y(vinylidene fluoride). 

Examples of this electrochemical device configuration can be found 
in, for example, U.S. Patent No. 5,296,318 to Gozdz, et al., in which 
5 poly(vinylidene fluoride) copolymer was used in the composite electrode 
and as the electrolyte layer. Other polymers which were used in the same 
fashion include polyethylene oxide and poly (aery lonitrile). 

These devices, while acceptable, did not demonstrate the high levels 
of ionic conductivity and the high performance rate characteristics required 
10 to make lithium polymer batteries successful in the marketplace. Moreover, 
due to inherent limitations with the polymer itself, mechanical integrity, 
and hence cycle life of the material were compromised. 

Accordingly, there exists a need for a method of preparing composite 
electrodes, having high ionic and electronic conductivity, as well as 
1 5 mechanical strength which enables easy and inexpensive production of 
secondary lithium polymer batteries. 
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Brief Description of the Drawings 

FIG. 1 is a representation of an electrochemical cell including a 
composite electrode in accordance with the instant invention; 
cnm ^ * 15 3 f ^/discharge profile of a half cell reaction employing a 
composue electrode cycled between 3.40 and 4.25 volts in accordance with 
the instant invention; 

FIG. 3 illustrates the charge/discharge profile of a half cell using a 
composite electrode in accordance with the instant invention; and 

FIG. 4 shows the charge and discharge profile of a half-cell usine a 
composite electrode in accordance with the instant invention. 

Detailed Description of the Preferred Embodiment 

the invl'nonl'h T"'™*™ COncludes wilh defining the features of 

wUI Z^T H regarded " nOVel " " be " eVed *• 'mention 
will be better understood from a consideration^ the following description 
in conjunction with the drawing figures in whirh n, « 8 aeSCT,pbon 
are carried forward. 6 reference """erals 

,„ , **** " 8 nOW to FIG - is illustrated therein a representadon of 

ZtZ 10 indUding 3 - accordance 

- "e20 d mVenUOn - ^ hemi -l cel, includes a positive 

3 ne S ahVe -'-.rode 30 and a po.ymer electrolyte 40 
deposed between said electrode, Either one of, or both, electrodes 20 and 30 
may be composite electrodes as are taught herein. As used herein and as is 
generally accepted in the industry, a composite electrode refers to an 
electrode which includes at least an electrode active material as well as a 
polymeric material which serves as both binder and to improve 
conductivity. r 

Using this definition of a composite electrode, a first electrode such as 
the positive electrode 20 or cathode may be fabricated including a Ilecfrol 
active selected from the group o, uCoQz. LiMn0 2 , ^ 

V2O5, and comb.nat.ons thereof. The polymeric material used may be 
eiUier a single polymer or a blend of polymers which provide the desired 

se^ T 8 ^ ^ COnd -'-"y- The polymer may be 

selected from the group of, but not limited to, polyesters, polyethers 
poly(urethane), poly(ethyloxide), poiyfvinylidine fluoride^ 
poly(acrylonitri.e), poly(tetrafluoroethylene), and combinations thereof, m 
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this regard, and in a first preferred embodiment, the polymer used in the 
composite electrode is poly(tetrafluoroethylene). In another preferred 
embodiment the polymer used in the composite electrode is a polymer 
blend which comprises at least about 90% poly(urethane) and the balance 
5 being poly(vinylidene fluoride). In a composite electrode, the polymer or 
polymer blend may comprise up to 60% of the composite electrode, and 
typically comprises between five and forty percent of the composite 
electrode. 

The composite electrode, in this case, the positive electrode 20 may 
1 0 further include or be wetted with a liquid electrolyte, such as that used in 
polymer electrolyte 40. In one preferred embodiment, the liquid electrolyte 
is a solution of a lithium salt, or a combination of salts, dissolved in an 
aprotic organic solvent, or combination of solvents. Lithium salts include, 
but are not limited to, salts, having the formula Li+X~, where X" is an anion 

1 5 such as CI', Br, r, CIO4-, BF4-, PF5-, AsF6~, CH3CO2*, CF3SO3-, (CF3S02)2N-, 

(CF3S02)3C~- Aprotic organic solvents include, but are not limited to, 
propylene carbonate ("PC")/ ethylene carbonate ("EC")/ diethyl carbonate, 
dimethyl carbonate, dipropyl carbonate, dimethyl sulfoxide, acrylonitrile, 
and combinations thereof. 

2 0 A second electrode, such as negative electrode 30 or anode of the cell 

10 may also be fabricated as a composite electrode. In this case, the 
composite electrode forming negative electrode 30 includes a polymer or 
polymer blend as described hereinabove with respect to electrode 20. The 
composite electrode 30 further includes a negative electrode active material 

2 5 selected from the group of materials consisting of carbon, activated carbon, 

graphite, petroleum coke, lithium alloys, such as LiAl, low voltage lithium 
intercalation compounds, such as TiS2 and M0S2 and combinations thereof. 
Once again, the polymer or polymer blend comprises between 5 and 40 
percent of the total electrode. 

3 0 Disposed between the positive and negative electrodes is the polymer 

electrolyte 40 which consists of a polymer matrix and an electrolyte active 
material. The electrolyte active material may be a liquid species such as that 
described hereinabove, and includes, in one preferred embodiment, EC, PC, 
and UBF4. The material from which the polymer matrix is fabricated may 
3 5 likewise be selected from the polymer materials described hereinabove with 
respect to the first and second composite electrodes. In one preferred 
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embodiment of the incf^t ■ 

composite electrode polymer in rhi!/ P°'ymer. ^ flrst 

5 electrolyte , ayer is Lrica,^ of a X ^ whid > «- 

P°iyn.er used in the ^711^^" *« 
hereafter, the second compost e L ' 7* ' ' ^^thane). 
polymer materia, either Z^^T*™ 7 "* W " ta,ed » « *> *•« a 
which the electrolyte layer is ab i a^u 35 "°*»« 
1 0 polymer secondary battery in acclrdf ' J COns,, - uctin g • UtWum 
Polymer used in the co^Ze Zl T^ ^ " in ™ U °"< *e 
electrolyte. This is i„ «™ used in the 

- same for both L^Xl^Z^^ * 



-ed is the same for both LZ£ Z^*!™ * **** "» P °*™ 

It thus may be a DD „H . * composite electrode, 

-ondary Umiui «*. «* as a 

Polymer used in the firs, eleXTd. 7 * *° in ™«on, the 
electrolyte. The polymer usTd ,n 1 ^ tha " US6d 

different than bom the fu-s, elecL^ T" ^ "» 

n,ay be the same as ^TflT^ZT "<W*y. it 

2 0 Alternatively at lea,, 1 , eleCtTode or lhe electrolyte. 

sweated so as JC^Z^^ "* ** ^ 
poly(urethane). The use of "11" T P 0 ^" * *" " 

composite first ele^aTd' a ^~ clured -im a poly(urethane) 

eleco de may also be a .^^^1^^ ^ — ' 

fabricated with a poly(ureth^»l e ctrode, and as such may also be 

30 ^ instant ta^nTorma r r erinCOrPOrated(herein - 

*e examples which ZZuZl^T ~° d <™ *" perusal of 
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EXAMPLES 

EXAMPLE I 

A first composite cathode was fabricated by mixing 90 parts of 
5 LiMn02, an electrode material, with 10 parts of carbon black, a conductivity 
enhancing material. To this mixture was added 100 parts of a 
poly(urethane) electrolyte solution. The poly(urethane) electrolyte solution 
contained 1 part of poly(urethane), 4 parts of 1M LiBF4 solution in an equal 
parts mixture of PC/EC, and 95 parts of tetrahydrofuran. Also added was 5 

1 0 parts of poly(vinylidene fluoride) which was added to the composite cathode 

to enhance the mechanical strength of the film. The mixture was well 
blended and pressed into a composite cathode pellet at 100°C under 10,000 
pounds of pressure. The resulting composite electrode contained 80 wt% of 
active mass of LiMh02/ • 
15 A three-electrode electrochemical cell was constructed with the 

LiMn02 composite film as cathode, metallic lithium as counter and 
reference electrode and a poly(urethane) gel film containing 2 parts of 
poly(urethane) and 8 parts of the 1M UBF4 PC/EC solution as electrolyte. 
The initial discharge capacity obtained for the LiMn02 composite cathode 

2 0 fabricated according to this Example I was 104 mAh/g. 

Referring now to FIG. 2, there is illustrated therein the 
charge/discharge profile for the composite electrode described in this 
example. The electrode was cycled between about 3.4 and 4.25 volts with a 
current density of about 0.2 A/cnv*. As may be appreciated from a perusal of 
2 5 FIG. 2, the first 15 cycles of the cell were illustrated and demonstrate the 
efficacy of the composite cathode fabricated according to this Example I. 
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EXAMPLE II 

the nrnTT" 1 ^ PanS ° f UMn02 ' 5 Parts ° f C - b - black and 4 parts of 

3 S /cm «»»P«*f Wm was measured to be approximately 1 0 - 

therein Jcha^/d sla^ ^ '° ^ 3 ' * ere iS Uluslrat «' 
with this invent^ a P ^ *" ' com P° sit <= ^rode in accordance 

ofabout0 2A/cm2 T h , . ° J 4 ^ 4 25 volts ^ a current density 
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EXAMPLE III 

A composite cathode was fabricated using 85 parts of LiMn02, 10 parts 
of carbon black, and 5 parts of poly(tetrafluoroethylene). The polymer used 
5 herein did not include poly(urethane) or any other polymer. Upon 

continuous grounding in a mortar, the well-blended mixture of LiMnC>2, 
carbon black and poly(tetrafluoroethylene) formed a rubbery film. The film 
could be made thinner using a conventional roller assembly. The thickness 
of the film was adjusted by how much force was applied to, and how many 
1 0 times the film was passed through the roller assembly. The resulting film 
did not include electrolyte active material incorporated therein. The 
cathode film was paired with a thin film of the poly(urethane) gel electrolyte 
and assembled into a three-electrode electrochemical cell as described 
hereinabove in Example I. Referring now to FIG. 4, there is illustrated 

1 5 therein the charge/ discharge profile of the composite LiMnC>2, cathode 

cycled against the lithium anode. The initial capacity of the LiMn02 
electrode was 110 mAh/g. The electrode was cycled between about 3.4 and 
4.25 volts, with a current density of about 0.2 A/cm 2 . As may be appreciated 
from FIG. 4, the electrode demonstrated good capacity without performance 

2 0 degradation over the test. The result was deemed surprising by the 

inventors because the composite electrode did not contain electrolyte active 
material as is common in the prior art. 

While the preferred embodiments of the invention have been 

2 5 illustrated and described, it will be clear that the invention is not so limited. 

Numerous modifications, changes, variations, substitutions and 
equivalents will occur to those skilled in the art without departing from the 
spirit and scope of the present invention as defined by the appended claims. 

3 0 What is claimed is: 
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Claims 

1. A lithium polymer secondary electrochemical cell comprising: 
a first composite electrode including an electrode active 
5 material and a first polymer; 

a polymer electrolyte including an electrolyte active material 
and a second polymer different than said first polymer; and 
a second electrode. 

10 2. A lithium polymer secondary electrochemical cell as in claim 1, 

wherein said first composite electrode active materia] is selected from the 
group consisting of LiCo0 2 , LiNiC»2, LiMn0 2 , V 6 Oi 3 , V 2 C»5, and 
combinations thereof. 

15 3. A lithium polymer secondary electrochemical cell as in claim 1, 

wherein said first polymer is poly(tetrafluoroethylene). 



20 



4. A lithium polymer secondary electrochemical cell as in claim 1, 
wherein said electrolyte active material is a liquid electrolyte. 

5. A lithium polymer secondary electrochemical cell as in Claim 4, 
wherein said liquid electrolyte is a solution of a lithium salt dissolved in an 
aprotic organic solvent. 
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6. A lithium polymer secondary electrochemical cell as in claim 1, 
wherein said second polymer is poly(urethane). 

5 7. A lithium polymer secondary electrochemical cell as in claim 1, 

wherein said second electrode is a composite electrode including an 
electrode active material and a third polymer, said third polymer being 
different than at least one of said first polymer or said second polymer. 

10 8 A lithium polymer secondary electrochemical cell as in claim 7, 

wherein said second composite electrode active material is selected from the 
group of carbon, activated carbon, graphite, lithium alloys and combinations 
thereof. 

15 9. A lithium polymer secondary electrochemical cell as in claim 7, 

wherein said third polymer is poly(tetrafluoroethylene). 

10. A lithium polymer secondary electrochemical cell as in claim 1, 
wherein said first polymer is a polymer blend of at least two polymers. 

20 

11- A lithium polymer secondary electrochemical cell as in claim 10, 
wherein said polymer blend includes at least poly(urethane) or 
polyvinylidene fluoride, or poly(tetrafluoroethylene). 

2 5 12. A lithium polymer secondary electrochemical cell as in claim 10, 

wherein said polymer blend includes poly(urethane) and poly(vinylidene 
fluoride). 



WO 96/38868 



1 1 



PCT/US96/06642 



10 



15 



20 



13. A lithiu m polymer secondary electrochemical cell comprising: 

and combinations thereof and a f.Vcf v 6wi3, V2U5, 

poly(tetrafluoroeth V : ne); ? ^ °* 

comprising a litf . ? • ^ * ***** «*— 

5 sali,, ...oh m an aprotic organic solvent, and a 

'oly(urethane); and 
ctrode. 



second polymer u, v .-din t n i e; 
a secon 



14. A lithium 
wherein ?d second 
electron active mat- 
differed ;j lan at lep 



POP' 

.uid 
e of : 



iary electrochemical cell as in claim 13, 
ode includes a second composite 
polymer, said third polymer being 
t polymer or said second polymer. 

15. A li H nolv 

wherein said so 4 cor o ,1 , e,eCtrochemical cell as in claim 14, 

group of carbon. ,c ivaT fcaln ^ ^ * f ™ * e 

thereof. art ° n ' aphlte ' Iithium *"<>ys and combinations 
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17. A composite electrode for a lithium polymer secondary 
electrochemical cell, said composite electrode comprising: 

an electrode active material selected from the group consisting 
5 of UC0O2, LiNiC>2, LiMnC>2, V6O13, V20s, and combinations thereof, a 
polymer blend comprising at least 90% poly(urethane), and 0-10% of 
poly(vinylidene fluoride). 

18. A composite electrode as in claim 17, further including an 

1 0 electrolyte active material comprising a lithium salt dissolved in an aprotic 

organic solvent. 

19. A composite electrode as in claim 17, wherein the polymer blend 
comprises between 5 and 40% of the composite electrode. 

15 

20. A composite electrode as in claim 17, further including a 
conductivity increasing material. 

21. A composite electrode as in claim 20, wherein said conductivity 

2 0 increasing material is carbon. 
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22. A ktiuum polymer secondary electrochemical cell comprising- 

material selects C ° m , P ° Site inCludin * » electr °^ active 

matenal selected from the group of LiCoOz, Li N i0 2 , LiMn0 2 , V 6 0 13/ V 2 0 5 

and combma^s thereof, and a first polymer consisting of polyUthanel ' 

a polymer electrolyte including a liquid electrolyte solution 

compnsmg a lithium salt dissolved in an aprotic organic solvent Id a 

second polymer including at least poly(urethane); aL 

electrode acHvernT TT * * S6COnd 

electrode active matenal and a third polymer. 

23. A lithium polymer secondary electrochemical cell as in claim n 
wherein said second composite electrode active material is e ected Z * 
=f carhon, activated carho, lithium alloyed t^s 

^^^^^^ - as in daim 22 , 



963886 8AIJ_> 




FIG.l 



BMSDOCID: <WO 9638868A1 _1_> 



WO 96/38868 



PCT/US96/06642 



214 




CAPACITY (mAh/g) 

FIG. 2 



0638868A1_|, 



WO 96/38868 PCIYUS96/06642 



314 



(XJ 

o 

S 

o 
> 



4.4 
4.2 
4.0 
3.8 
3.6 
3.4 
3.2 



T — i — i — I — i — i — r 




J I 



40 60 80 

CAPACITY (mAh/g) 



100 



120 



FIG. 3 



0NSOOC1O: <WO 9638868A1_I_> 



96/38868 



PCTOJS96/06642 



4/4 




FIG. 4 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US96/06642 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :HOIM 6/04. 10/00 

US CL :429/192. 194, 218. 223, 224 
According to International Patent C lassification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 429/192, 194. 218. 223. 224. 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
Please See Extra Sheet. 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



x,p 

A,P 
A 



Citation of document, with indication, where appropriate, of the relevant passages 



US, A, 5,1 76,969 (MIYABAYASHI ET AL) 05 January 1 993, 
col. 5, lines 4-37, col. 6, lines 15-55, col. 7, lines 16-55 and 
col. 1 1 , lines 1-40. 

US, A, 5,162,170 (MIYABAYASHI ET AL) 10 November 
1992, col. 8, lines 15-60 and col. 11, lines 45-68. 

US. A, 5,429,890 (PYNENBURG ET AL) 04 July 1995, cols. 
4-8. 

US, A, 5.501,921 (OLSEN) 26 March 1996. 

US, A, 5,368,959 (KOKSBANG ET AL), 29 NOVEMBER 
1994. 



Relevant to claim No. 



1-2, 4-5, 10-12 



13. 17-21 



1, 6. 10-12, 22- 
24 



□ 



Further documents arc listed in the continuation of Box C. 



□ 



Sec patent famiJy annex. 



* Special categories of cited document*: 

"A" documenldcftaing the general slate of the art which is not considered 

to be of particular relevance 

"E" earlier document published on or after the international filing date 

*L* document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other 
special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or other 

' P" document published prior to the international filing date but later than 
the priority date claimed) 



*T* later document published after the international filing dole or priority 

date and not in conflict with Ihe application but cited to understand the 
principle or theory underlying the invention 

"X* document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve ma inventive step 
when the document is token alone 

*Y* document of particular relevance; the claimed invention cannot be 

considered to involve an inventive step when the document ta 
combined with ooc or more other such documents, aucb combination 
being obvious lo a penon skilled In tho art 

document member of the same patent family 



Date of ihe actual completion of the international search 
22 JULY 1996 



Date of mailing of the international search report 

04 SEP 1996 



Name and mailing address of the ISA/US 
Commissioner of Pa tents and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 



Authorized officer 

DONALD R. VALENTINE 



AM* - — L— e- 



Telephone No. (703) 308-3327 



Form PCT/ISA/210 (second sheet)(July 1992)* 



>CID: <WO 9638868A1 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US96/06642 



B. FIELDS SEARCHED 

Electronic data bases consulted (Name of data base 



and where practicable terms used): 



APS 



^ r z^ h ^: um and po,ymcr and aprotic and 



and electrode and composite and polytelra/luorocuiyle 



Form PCI7ISA/210 (extra shcct)(July 1992)* 



NSOOCID: <WO 9638868A1 J_> 



